Instrumentation is described for scanning paper electrophoretic strips for the sulfur distribution of the fractionated serum proteins with the vacuum X-ray spe:trometer. Paper electrophoretic patterns of serum proteins scanned by X-ray spectrometry for sulfur content of the various fractions and by protein staining are compared.
This technic should be of value in the identification and classification of abnormal protein fractions, when combined with studies by the ultracentrifuge and immunoelectrophoresis. by passage through an X-ray field. The sulfur emission is then monitored with the rate-meter of the X-ray spectrometer, whose output is fed to a recorder. The paper is stained and passed through a densitometer for estimation of tile proteill distributioll. Total J)rotem is then estimated by the biuret method (24) on the original serum. Tile total sulfur of the original serum is also determined with the X-ray spectrometer as previousl described (26) .
IN AN EARLIER REPORT (25)
In tile present study, the procedure was applied to the serum of 26 adult nlale professional 1) showing the X-ray tube and collimator in place.
The window of the X-ray tui)e was covered with a circular lead shield in which a 14-mm. slit was cut so as to irradiate only a slit on the paper for densitometry.
Since the tube was at an angle, the slit was cut ill the shape of a wedge, ranging from 1 mm. on the bottom to 1.5 mm. at the upper edge. This was necessary since the rays from the bottom travel a greater distance and thus spread more than the rays from the top. In this manner a 3 X 25 mm. rectangle was being irradiated oii the paper.
This was verified by irradiation of the paper and observation of the stain formed.
A compact tape puller was constructed out of aluminum ( Fig. 2 and  3 ) so as to lock in the chamber hilt be readily removable for 108(1mg.
In practice, 8 electrophoresis strips were sewn together with cottoll thread at the ends and then rolled up on the feeder roller. The tape was passed over the end of a guide and back under the guide, to tension rollers which pulled it at constant speed. Finally, the tape was fed to a reel under tension to take up slack. The sample was irradiated from the bottom upward.
A transparent
Lucite plate prevented the collimator from picking up sulfur emission from the paper on top. The Lucite effectively 1)]ocks the sulfur radiation and also yields a lower background count thaii aluminum, by a factor of approximately 4. As the paper is irradiated the emission reflects through the collimator to the crystal housed in the spectrometer.
The spectrometer also IlOuses a proportional flow counter through which p-IO gas flows. Figure  4 shows the tape puller in place in the vacuum chamber. rillIe paper is removed so that the irradiation area can be viewed. The tape puller is held by the synchronous motor, which rests on an alumillum block through which water flows from the exit part of the X-ray tube. To reniove the tape puller the vacuum is reieased and the plate is lifted. Figure  5 shows the assembled vacuum sl)eCtrouieter with tile plate in place.
General procedures for operating the vacuum X-ray spectrometer have heeii described elsewhere (27) .
in practice, the rates of movement of the tape and recorder were synchronized to 1 cm./min. Tile goniometer was set to 144.6#{176} (2 0) for the K line of sulfur; time constailt was 8 sec.; and dc voltage on the counter was 1450. The X-ray tube was a Machlett chromium target tube run at 50 kv. and 28 ma. The pulse height analyzer was set at a base line of 2.4 v with a 7.8-v window. The IThilips electronic pallel No. 12096 was used in this study. Table 2 ). In Fig. 9 both tracings move in the same direction. Table 1 shows the data obtained with the serum from the 26 blood donors. The mean percentage of sulfur in each fraction and in the total protein was calculated from the sulfur and protein distribution in the different fractions and from the total sulfur and total protein content as determined for the whole serum. In Table 2 the data obtained in 10 cases of disease of the liver are shown. Where a peak occurred other than the 5 conventional peaks, it is listed under the heading "abnormal peak" and its location indicated. In the last line, for each case, the percentage of sulfur for each fraction is indicated.
Results

Figures
In the last column, the data listed are the percentage of sulfur in the original unfractionated serum. The column listed as A :G-is the albumin: globulin ratio found both for sulfur and protein, as indicated. The diagnoses are those taken from the hospital charts as the final diagnoses. Table 3 lists the data for 13 patients with confirmed malignancies; Table 4 , for 6 patients with renal disease; and Table 5 , for 5 patients with interesting electrophoretic patterns drawn to our attention from the routine laboratory.
The arrangement of the data in Tables 3-5 is  the same as for Table 2 .
Discussion
This technic was applied originally (25) in an attempt to use the sul- 
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C.. Table 2 ), one notes an inversion between alpha0 and beta peaks in the two scans. The alpha is higher than the beta for sulfur and the reverse is true with protein staining. This was observed regularly with serum of infectious hepatitis patients, indicating a higher sulfur content of the alpha0 protein than seen for the controls.
The albumin: gamma ratio is higher for the sulfur scan than for the protein scan in the pattern. This is to be expected because of the higher sulfur content of albumin than of the globulins. On the other hand, the alpha1 peak for sulfur is lower than that observed with protein staining. In Fig. 7 The conclusion must be drawn that an abnormal protein exists in the gamma fractions in each of these cases of leukemia studied and that, in each instance, the sulfur composition varies. In Fig. 9 , the patterns represent findings in 2 cases of multiple myeloma with an abnormal peak, one moving somewhat slower aiid one faster than the gamma.
In Patterns   A and B, the sulfur content of the abnormal peak is higher than that found in the albumin. In both of these cases the sulfur content is much higher than that found normally in gamma globulin.
These cases were chosen for comparison with the 2 cases of gamma myeloma proteins previously reported, 1)0th of which were very low in sulfur content
Thus, in multiple myeloma the position of the abnormal peak on the electrophorogram is not directly related to its sulfur content. The data on blood donors (Table  1) may be compared with similar data previously obtained for normal adults (26) . The largest variation was observed in the alpha1 fractions. in the earlier study, the percentage of sulfur found in the alpha1 fraction was 1.61; in this study we obtained 0.63. This discrepancy is due largely to the fact that resolution of the alpha1 fraction from the albumin was better in this study. Thus, the earlier study probably included substantial amounts of albumin, rich in sulfur, with the alpha1 fraction.
Since the alpha1 fraction is small, this probably produced a large error in determination of its sulfur composition.
The mean percentage of sulfur in the gamma globulins in this study is 0.98, as compared with 0.67 in the earlier study. This difference is significant at the 5% level (t test). It may reflect the difference observed between blood donors and the normal population The extra peak found iii a case of liver cirrhosis (Case 9) had a sulfur content similar to that found in albumin.
Of the 8 cases of multiple mnyeloma listed, the abnormal peak is rich iii sulfur in Cases 13, 14, 16, 17, and 18 ( (3, 6, 8, 9, 11, 17, 18, 20, 28, 29, .32-34 Table 5 ), in a 1-year-old child showed an abnormal protein fraction, rich in sulfur, lying l)etWeefl the gamma amid beta fraction. The beta fraction was also abnormally high in sulfur content.
Abnormal peaks were also observed on protein staining and sulfur assay in a case of bilateral bronchiectasis (Case 32) and in 1 case of a drug reaction to tetracycline. rihese could not be resolved from the gamma peak. In Case 32, the abnormal peak was a spike in the center of the gamma peak, and its value and that for the gamma fraction were estimated with a planimeter. Cases 31 and 34 ( Fig. 7 
